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1
HYBRID DRIVE IN A MOTOR VEBICILE

This application is a continnation of U.s. patent appli-
cation Ser. No. 0&8/383.793, filed on Feb, 6, 1995, now
abandoned which claims priority from Fed. Rep. of Ger-
many Patent Application No. P 44 (04 791.6, filed on Feb. &,

1994,
BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to a hybrid drive
in a motor vehicle, Such a hybrid drive can be in the torm
of a modular unit and can include an internal combustion
engine with an engine housing and a crankshaft for the
power take-off, torsional power take-off, or starting power
take-off, and an electric generator/motor., the generator hous-
ing of which is permanently connected to the engine
housing, and the rotor of which 1s coaxially and mon-
rotationally connected to the crankshatt.

2. Background Information

In the context of the present imvention, the term “genera-
tor” is, with relation to at least one preferred embodiment,
not used in its conventional sense, i.e. it does not necessarily

refer to an electric generator which has only a small power 5.

compared to the rated power of the matermal combustion
engine. Rather, the term “generator”, as used in the context
of the present invention, can refer to a unit for the generation
of electric current which, as an alternative to e conventional
drive train, is intended to supply the electrical drive energy
to drive an electric motor which 1s designed to power the
vehicle’s drive system, and therefore has a rated power on
the order of magnitude of the imternal combustion engine
(all-electric power fransmission).

Such a drve system for motor vehicles is disclosed, tor
exarmple, in German Patent Application No. 41 33 013 Al
and i VDI-Berichte 878 (1991), Page 611622, both of
which are incorporated herein by reference. The rotor of the
electric generator for the generation of electric current 1s
thereby mounted by means of a flange, or is flanged, directly
to the crankshaft of the internal combustion engine, L.e.
cornnected by means of a rigid connection. On such a
modular noit which includes an taternal combustion engine
and generator, there is no separate bearing arrangernent, of
mounting, or bearing, or mounting arrangement, for the
rotor in the housing of the generator. On account of the
irregular manming, or instability, or unsteadiness dunmng

operation which is caused by the crankshaft, and which

irregularity can be expressed in particular as: a shight bend-

ing of the crankshaft from the theoretical geormetric axis of
rotation; displacements of the axis of rotation as a result of

the wear of crankshaft bearings; and axial displacernents; the
air gap between the stator and the rotor of the gemerator
should desirably be large enough to guarantee correct
operation, that is, correct generator operation or engine
operation (the latter iff the gererator is also wsed as a starter
for the internal combustion engine). It can generally be
undesirable to make the air gap between the statcr and the:
generator rotor too large, because such an enlargement can
often be accompanied by comesponding reductions in the
efficiency of the generator. There can also be the additional
problemn that the assembly and installation of the entire unit,
in particular if the rotor is designed as an external rotor
maotor with excitation or energization by powerfuld, or high-
performance or efficient permanent magnets (e.g. based on
the materials FeNdB or SmCo) can tend to be difficult,
complex and expensive, if the generator housing with the
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stator 1nside is to be bolted on only alter the attachment of
therotor by means of a tlange to the crankshatt. This process
can require a very precise adjustment, which in practical
terms can be impossible on permanent agnet machines
without special tools, Thus, problems may arise during the
final assembly with regard to the amount of work involved
and compliance with quality requirements, which can com-
plicate large-scale or commercial series Imanufactire or
series production. |

OBJECT OF THE INVENTION

An object of the invention is thercfore to propose a
structure for a modular unit that includes an internal com-
bustion engine and a generator, which would guarantee a
high level of quality and simultaneously reduce the costs of
manufacture.

SUMMARY OF THE INVENTION

The invention teaches that this object can be accon-
plished for a modular unit in which there 1s preferably an
elastically deformable torque transmission plate which 1s
permanently connected by means of a flange to the driven
end of the crankshaft, and is permanently connected on the
circumferential side to the rotor, wherein the rotor is pref-
erably rotationally mounted in the generator housing.
Advantageous refinements of the invention are disclosed
herebelow.

The above discussed embodiments of the present inven-
tion will be described further hereinbelow with reference to
the accompanying figures. When the word “invention” is
used in this specification, the word “imvention” includes
“inventions™, that is, the plural of “invention”, By stating
“invention”, the Applicants do not in any way adrnit that the
present application does not include more than one patent-
ably and non-obviously distinct invention, and maintains
that this application may include more than one patentably
and non-obviously distinct invention. The Applicants hereby
assert that the disclosure of this application may include
more than one invention. and, in the event that there ts more
than one invention, that these inventions may be patentable
and non-obvious one with respect to the other.

I swmmary, one aspect of the invention resides broadly
in a hybrid drive in a motor vehicle, the motor vehicle
comprising: a chassis; a plurality of wheels being rotation-
ally mounted on the chassis; motor means for driving the
wheels to propel the motor vehicle; the hybrid drive being
for powering the motor means of the motor vehicle, and the:
hybrid drive comprising: generator means for generating
power to drive the motor means of the motor vehicle; the
generator means comprising a housing and rotor means
being rotationally disposed within the housing; internal
combustion engine means tor powering the generator
means: the internal combustion engine means Comprising an
output shaft for transmitting power from the internal com-
bustion engine means to the generator means; means con-
necting the output shafit with the generator noeans (o transmit
power from the output shaft to the rotor means; the con-
necting means comprising a disc being connected between
the output shaft and the rotor means; and the disc beiag
configured for minimizing, in response to non-rotational
displacement of the shaft, non-rotational displacenient of the
IOLor rmeans.

Another aspect of the invention resides broadly in a
hybrid drive for a motor vehicle, such a motor vehicle
comprising: a chassis; a plurality of wheels being rotation-

ally mounted on the chassis; motor means for driving the
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wheels to propel the motor vehicle; the hybrid drive being
for powering the motor means of the motor vehicle, and the
hybrid drive comprising: generator means for generating
power to drive the motor means of the motor vehicle; the
generator means comprising a housing and rotor means
being rotationally disposed within the housing; internal
combustion engine means for powering the generator
means: the internal combustion engine means comprising an
output shaft for transmitting power from the internal corn-
bustion engine means to the generator means; means con-
necting the output shaft with the generator means to transyit
power frorn the output shaft to the generator means; and the
connecting means being configured for minimizing, in
response to non-rotational displacement of the shaft, non-
rotational displacement of the rotor means.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is explained in greater detail her-
ebelow with reference to the embodiments illustrated in the
accompanying figures, wherein:

FIG. 1 illustrates a typical automaobile which may erploy
a hybrid drive, such as an internal combustion engine-
electric generator unit, in accordance with at least one
preferred embodiraent of the present invention;

FIGS. 2a and 28 illustrate elevational and plan views,
respectively, of a bus, such as an urban public transportation
bus. which may employ onre or more hybrid drives in
accordance with at least one preferred embodiment of the
present invention;

FIGS. 3a and 3 illustrate elevational and plan views,
respectively, of another bus, such as an urbap public trans-
portation bus, which may employ one or mere hybrid drives
in accordance with at least one preferred embodiment of the
present invertion, |

FIG. 4 illastrates an axial longitudinal section of a modu-
lar undt including an intermal combustion engine and a
generator; and

FIG. & is essentially the same view as FIG. 4, but more
detailed.

DESCRIPTION OF THE PREFERREID
EMBODIMENTS.

FIG. 1 illustrates a typical automobile in which the
present invention may be employed. As shown, an automo-
bile 100 may include two electric motor arrangements, 102,
wherein each such mofor amrangement can conceivably
include two motors for driving a corresponding wheel. It
will be appreciated from the disclosure herebelow that such
motor arrangements can be driven by a combination, or
hybrid, internal combustion engine-electric generator.

FIGS. 2 and 2& illustrate, respectively, a conventional
urban transportation bus 200 in elevational and plan view, in
which the present invention may be employed. Particularly,
the bus 200 may include an internal combustion engine-
glectric generator unit 202 for powering individual motors
associated with corresponding wheels or sets of wheels, In
the bus 200 shown in FIGS. 2a and 2b, the internal com-
bustion engine-electric generator unit 202 is shown as being
positioned immediately forward of a rearmost set of wheels
204,

FIGS. 3a and 3b illustrate, respectively, another conven-
tional urban transportation bus 300 in elevational and plan

view, in which the present invention may be employed.

Particularly, the bus 300 may include an internal combustion
engine-electric generator unit 302 for powering inclividual
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motors associated with corresponding wheels or
wheels. In the bus 300 shown in Flirs.
internal combustion engine-electric generator unit 302 is
showmn as being positioned virtually directly adjacent the rear
panel portion 304 of the bus 300, and behind a rearmost set
of doors 306.

hereinabove with relation to FLGS.
appropriate,
lar components discussed hereinbelow with relation to
FICRS.
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sets of
3a and Ik, the
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Further details of the functioning of an internal comibus-

tion engine-electric generator unit, in conjunction with indi-
vidual drive motors for individual wheels, can be found in
German Patent Application No. 41 33 013 AL and in
vIDI-Berichte 878 (199), pages 611622, both of which are
incorporated herein by reference.
ments discuss arrangennents for controlling individual elec-
tric motors associated with corresponding wheels. Sirmilar
components and arrangemnents may also be found in the U.s.
Patents listed towards the close of the instant specification.

Particularly, these docu-

It should be appreciated that the coraponents discussed

o8, 1—3b may, if
be considered to be interchangeable with. simui-
4 and 5.

The right side of FIG. 4 shows the intermal conabustion
engine essentially only in the vicinity of the connection of its
angine housing 1 and the crankshaft 2. The electric generator
3 preferably has a generator housing 5., a rotor 4 (such as an
external rotor motor) and an intermal stator with stator
windings 9. The internal stator is preferably permanently
comnected to a portion 8b of the generator housing 3. The

rotor 4 is preferably equipped with 2 number of alternately
polarized permanent magnets de with high magnetic. field

strength.

Instead of a permanent magnet external rotor, there could
theoretically also be a rotor with electrornagnetic excitation.
In this case, the comunutation of the current in the stator
windings 9 is preferably not done electromechanically, but
by means of an electronic control system (not shown). It is
also possible, although possibly not as desirable, to design
the generator as a generator with an internal rotor, i which
case the housing of the generator would likely essentially
have to be modified correspondingly.

The generator housing 5 is preferably permanently bolted
to the engine housing 1, not directly, but by means of an
intermediate flange 18 bolted to the engine housing 1, with
the intermediate flange 15 preferably projecting on the
connection side to the left beyond. the end of the crankshafi
2. This intermediate flange 15 can be advantageous because
it can essentially eliminate the need for a corresponding
extension of the generator housing 5 to the right or,
alternatively, an extension of the engine housing 1 to the left.
Consequently, it can thereby become possible to leave the
connection side of the internal combustion engine, which
internal combustion engine can also be used for vehicles
with a conventional mechanical drive train (with a Hanged
connection of the transmission housing), unchanged, like the
connection side of the generator housing § (which generator
housing can preferably be essentially structurally identical to
the housing of a corresponding electric motor which drives
the wheels of the wehicle). In other words, this generator
housing 5 can, in accordance with at least one preferred
smbodiment of the present invention, essentially represent

one half of a housing of a symmetrically designed double
motor (tandem rmotor), such as the one described in the
above-referenced VDI-Berichte. The use of such an
economically-manufactured intermediate flange 15 there-
fore can make it possible to continue to use conventional
parts manufactured in large-scale sexies for the generator
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housing & and for the engine housing 1, and thus can
contribute to a significant cost reduction, in particular in the
case of the manufacture of relatively small series. On the
other hand, for large-scale series production, it 1s possible
that it may generally be more economical to make the
generator housing in one piece.

The generator housing & preferably has an indentation da
which extends from left to right into the space 10 enclosed
by the stator windings 9. The permanent magnets d¢ of the
rotor 4 are preferably fastened to a rotor mount, or rotor
bracket, or rotor holder, de preferably designed as a rela-
tively thin-walled element im the fornm of a wheel (e.g. made
of sheet metal). In the vicinity of the axis of rotation of the
rotor 4, the rotor mount dea is preferably perrnanently con-
nected to arotor hub 46, which hub preferably extends from
the plane of theright end surface of the rotor mount 4a to the
left into the space 10 or, in other words, into a corresponding
opening of the indentation 3a. The indentation Sa preferably
extends to the vicinity of the surtace af the rotor mount <.

The rotor b 4 is preferably rotationally mounted inside
the indentation Sa, preferably near the rotor mount 4. In the
illustrated example, the bearing 11 can preferably be
designed as a double-row roller bearing, namely as a ball
bearing. By means of corresponding stop collars, or locator
flanges, and retaining rings, or lock washers, an axial
locating bearing, or axial fixing bearmg, can be formed. To
guarantee an essentially precisely coaxial orientation with
respect to the crankshaft 2, there are preferably centering
holes 18 and 8 in the rotor hub 4b and in the crankshaft 2
respectively, each preferably coaxial to the axis of rotation,
with a correspondingly shaped centering bolt 7 which is
preferably inserted into each centering hole 18 and 8. Since
the centering bolt 7 can essentially rerain in the rotor hub
4b, it can essentially permanently orient the axis of rotation
of the rotor 4. Therefore, the bearing 11 can also conceivably
be designed as a single-row roller bearing, In many cases,
the bearing 11 can also be designed as a floating bearing, or
loose bearing, or disengaged bearing, or non-locating bear-
ing,

In addition to a separate mournting of the rotor 4 inside the
stator housing &, which separate mounting may essentially
not be necessary and is apparently the custom in the known
arrangements, the present invention contemplates, in accor-
dance with at least one preferred embodiment, that the rotor
4 not be coupled directly to the crankshatt 2 for the trans-
mission of torque, but be connected by means of a torque
transimission plate 6 which can be deformed elastically in the
axial direction, such as the ons known by the name “Ilex-
plate”. In the illustrated embodiment, the flexplate, or flex-
ible plate, & can preferably essentially be in the form of a
circular plate which is essentially permanently bolted to the
end surface (drivem end) of the crankshaft 2. On the
circuinference, fiexplate 6 can preferably be bolted to a
connecting element 12 permanently connected to the rotor
mount 4a. For the case in which the generator 3 cannot be
used as the starter for the internal combustion engine, it may
be appropriate to provide a toothed rim. 13 for the starter (not

shown) on the outside of the connecting element 1.2, Of

course, it would also be possible to design the rotor mount
da so that the flexplate 6 could be bolted directly to it. But
that conld conceivably have the disadvantage that the sarne

functional part as the one which is already present could

sssentially no longer be used as the rotor mount 4 for an
essentially identical electric motor.

In accordance with at least one preferred embodiment of

the present inventiom, Hexplate & could essentially be
embodied by a disc or plate-type member comprising any

i
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material suitable for providing the behavior discussed immme-

diately above, that is, effective torque transmission capacity

combined with an ability 10 deform elastically in the axial

direction. Some types of such “flexplates” which may be
5 appropriate for use in conjunction with the present invention
may be found in the U.S. patents listed at the close of the
instant specification. Additionally, another type of “fiex-
plate” suitable for the purposes described herein is Known to
be manufactured by Mercedes Benz Al 703522 Stuttgart,
Federal Republic of Germany.

In accordance with at least one preferred embaodiment of
the present invention, the permanent connection of connect-
ing element 12 with rotor mount da may preferably be
achieved by any suitable medium, such as welding.

wince there may conceivably occur unavoidable decreases
in efficiency during the operation of the generator, whicl
efficiency decreases can possibly be expressed by an unde-
sirable heating of the generator 3, it may be desirable, in
accordance with at least one preferred embodiment of the
present invention, to provide forced cooling. The reference
numbers 17 and 16 therefore designate a forward motion of
the coolant and a reverse motion of the coolant, respectively,
of a liquid cooling system, the forced circulation of which
can preferably be guaranteed by a coolant pump 14. Thus
coclant pumyp 14 can preterably advantageously use the
available inner portion of the indentation Sa of the generator
housing & which extends into the space 10, since in this
manner there can essentially be a direct drive by means of
the crankshalt 2. The coolant circulation can therefore
always preferably take place when the internal combustion

ngine, and thus of course also the generator 3, is runmning.
For this purpose, the rotor hub da is preferably mon-
rotationally connected on its left firee end to the drive shaft
of the coolant pump 14, which drive shaft is preferably
designed as a hollow shaft. For reasons of assermbly and
installation, a plug-in interlocking connection of the shaf'ts is
preferred. Such a plug-in interlocking connection rmay, in
accordance with at least one preferred embodiment of the
present invention, be achieved by a form-locking connection
between. the shafts in question.

The assemibly and installation of the modular unit can be
accomplished as follows. First, the intermediate flange 1S
can preferably be bolted to the engine housing 1, and the
- flexplate © can preferably be bolied to the end of the
45 crankshaft 2 by means of a corresponding connection flange.

The generator 3, in accordance with at least one preterred
embodiment of the present invention, will preferably already
be available as a separately pre-assembled modular anit, i.e.
the rotor 4 will preferably already be in its final position in
50 the generator housing $. After the insertion of the centering
bolt 7, which can also be an irnmediate component of the
rotor hub 4b or of the crankshaft 2, into the centering hole
18 or 8, the generator 3 1s preferably criented so that it is
essentially precisely coaxial with the crankshaft 2 and is
$5 fastened to the intermediate flange 15 by means of bolts. In
this manner, more complex measures for centering on the
engine housing I or on the intermediate flange 18 become
unnecessary. The centering bolt 7 can preferably remain in
the generator 3 essenfially as a lost assembly accessory. To
60 bolt the flexplate & to the connecting element 12, the
intermediate flange 185 and/or the engine housing 1 prefer-
ably has an opening (see FIG. &), through which the fasten-
ing bolts can be accessible from outside. If the rotor hub 4b
were (0 be designed totally as a hollow shatit, and if the
inside diarneter were to decrease from right to left, the
centering bolt 7 (f its external contour were shaped in
complementary fashiom) could comceivably be extracted
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from the centering holes 8, 18 after the installation of the
generator, and reused. In that case, howewver, it may first be
necessary to install the coolant pump 14, if one was to be
used.

To pre-assemble the generator 3, first the ball bearing 11
is preferably inserted in the corresponding hole of the
indentation 5a of the generator housing 5 and fixed in place
axially by means of a retaining ring. Then the rotor d,
including the rotor hub 4b, rotor rnount 4¢ and permanent
magnets de, is preferably pushed into the bearing 11 from
the right side. and is then preferably axially secured from the
left side by means of a retaining ring which sits on the rotor
hab 45, also preferably toward the left side. Then the coolant
pump 14 can preferably be installed.

FIG. § is essentially the same view as FIG. 4, but
illustrates additional components.

In accordance with at least one preferred ermbodirment of
the present invention, crankshaft 2, rotor 4, rotor hub 46 and
coolant pump 14 will preferably have a common axis of
rotation. This axis, hereimafter termed the “central axis™, 18
indicated in FIG. § at 50.

As mentioned heretofore, either or both of internal com-
bustion engine housing 1 and intermediate flange 15 may be
provided with appropriately positioned and sized holes la
and 1%a, respectively, in order to allow ool access to bolts
12a connecting flexplate 6 with connecting element 12.

Further, in accordance with at least one preferred embodi-
ment of the present invention, indentation Sa may preferably
be embodied by an extension of housing 5 towards internal
combustion engine housing 1 and crankshaft 2 in both an
axial direction and a radial direction. As such, indentation Sa
may preferably be embodied by: a first portion Saa, which
may be virtually parallel to the central axis 50 or be disposed
at a significantly shallow angle, such as between about 1°
and about 7°, with respect thereto; a second portion Sab,
extending from a terminal area of first portion Saa radially
inwardly, and axially towards internal combustion engine
housing 1, at a virtnal right angle with respect to the central
axis 50 or at a signdficant acute angle, such as between about
70° and about 85°; and a third portion Sac, being oriented to
accommmodate bearing 11 and rotor hub 45 radially inwardly
therewithin and extending at an angle virtually parallel to the

central axis 80. In accordance with at least one preferred
emnbodiment of the present invention, on a side of the
indentation Sa facing coolant pump 14, or the space for
coolant pump 14, there may preferably be a surface Sad that
is generally perpendicular to the central axis 50

In accordance with at least one preferred embodiment of
the present invention, flexplate 6 will preferably be dimen-
sioned such that it is essentially in the form of a disc,
whereby the thickness of the disc constituting flexplate 6 is
preferably substaniially smaller than the diameter of the
flexplate 6, the thickness being measwred parallel to the
central axis 80 and the diameter being measured with respect
to the central axis $0. As a non-restrictive example, in
accordance with at least one preferred embodiment of the
present invention, flexplate 6 may preferably have a
diameter-to-thickn ratio of between about 95:1 and
160:1. Preferably, flexplate 6 mnay also have a central aper-
fure suitably dimensioned for connecting the fiexplate 6 with
the crankshaft 2 via bolts or other suitable connecting media
6a. The central aperture can preferably be defined radially
within an inner periphery 6 of the fiexplate 6. In accordance
with at least one preferred embodiment of the present
invention. the ratio of the outer diameter of flexplate 6 to the
diameter of inner periphery 6b may preferably be between
about 4:1 and about 1.
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In accordance with at least one preferred erbodiment of

the present invention, rotor mount da may preferably
include a first portion 4aa in the form of a wheel or disc, and

a second portion dab extending therefrom essentially in the
form of a flange. Accordingly, first portion d4aa may essen-
tially be a circular disc-shaped element centered about the

ceniral axis 50 and disposed perpendicular with respect
thereto, and second portion dab may preferably essentially

be an annular element integral with first portion 4aa and
extending from first portion 4aw in a direction away from.
internal combustion engine housing 1 and parallel to the
central axis 0. The thickness of the disc constituting first
portion daa of rotor da is preferably substantially smaller
than the diameter of the first portion daa of rotor 4a, the
thickness being measured parallel to the central axis 50 and
the diameter being measured with respect to the central axis
5. As a non-restrictive example, in accordance with at least
one preferred embodiment of the present invention, frst
portion daa of rotor 4a may preferably have a diameter-to-
thickness ratio of between about 95:1 and 160:1. Preferably,
first portion daa of rotor da may also have a central aperture
suitably dimensioned for connecting the first portion daa of
rator da with the rotor hub 4b via rivets, bolts or other
suitable connecting media dba. The central aperture can
preferably be defined radially within an inner periphery dac
of the first portion daa of rotor da. In accordance with at
least one preferred embodiment of the present invention, the
ratio of the outer diameter of first portion 4daa of rotor dea to
the diamecter of inner periphery dac may preferably be
between about 4:1 and about 6:1.

FIG. 5 schematically illustrates the general relative posi-
tioning of shaft 14a of coolant pump Id. Also shown
schematically is the aforementioned interlocking, or form:
looking, connection 14 between rotor ub 4b and shaft 1da.

=}

Using the arrangements contemplated by the embodi-
ments of the present invention, it can essentially be surpris-
ing that, not only can the desired simplification and increase
in the quality of the final assembly of the modular unit be
achieved, but in spite of what may be perceived as the effort
and expense for the additional separate mounting of the rotor
4 in the generator housing § and the additional “flexplate 6™
component, the manufacturing costs can also be reduced.
This may be because the tolerance of the air gap between the
permanent magnets and the poles of the stator windings 9
can be observed with significantly greater precision than in
similar known devices. The result cam essentially be a
significant increase in the performance of the generator 3,
which in turn can essentially result in a corresponding
reduction of the amount of material required for otherwise
equal performance, power, or efficiency) from the cost-
intensive and high-grade material for the permanent mag-
nets. In spite of what muay be perceived as a potentially
significantly higher cost on one hand, the overall solution
can essentially be more economniical, especially since the
number of defects and errors in assembly and installation
can be significantly reduced.

Ome feature of the invention resides broadly in the modu-
lar undit consisting of an internal combustion engine with an
engine housing 1 and a crankshaft 2 for the power take-ofl,
or torsional power take-off, or starting power take-off, and
an electric generator/motor 3, the generator housing S of
which is permanently connected to the engine housing 1, and
the rotor 4 of which is coaxially and non-rotationally con-

nected to the crankshaft 2, characterized by the fact that
there is an elastically deformable torque transmission plate
flexplate 6 which is permanently connected by means of a
flange to the driven end of the crankshaft 2, and is perma-

=k
w |




J=r

5,7
1E]|
nently connected on the circumiferential side to the rotor 4,

and that the rotor 4 is rotationally mounted in the generator
housing.

Another feature of the invention resides broadly in the
modular unit characterized by the fact that the rotor 4 1s
designed as an external-rotor.

Yet another feature of the invention resides broadly in the
modular unit characterized by the fast that the rotor 4 is
equipped with permanent magnets de.

Still another feature of the invention resides
modular unit characterized by the fact that the rotor 4 has
preferably thin-walled rotor mount 4g in the form of
wheel, and a rotor hub 4b.

A further feature of the invention resides broadly in the
modular unit characterized by the fact that the generator
housing 5 has an indentation S which extends into the space
10 enclosed by the stator windings 9 of the generator 3,
which indentation 8¢ extends from the end of the generator
housing 5 opposite the rotor mount &a.

Another feature of the invention resides broadly in the
modular unit characterized by the fact that the indentation Sa
extends to the vicinity of the rotor mount da.

Yet another feature of the invention resices broadly in the
modular unit characterized by the fact that the bearing 11 of
the rotor 4 is located. in the indentation 5a in the vicinity of
the rotor mount dea.

Still another feature of the invention resides broadly in the
modular unit characterized by the fact that the bearing 11 is
designed as a locating bearing.

A further feature of the inventiont resides broadly i the
modular unit characterized by the fact that the bearing 11 1s
designed as a double-row roller bearing, in particular as a
double-row ball bearing.

Another feature of the invention resides broadly in the
modutar unit characterized by the fact that the bearing 11 18
designed as a single-row roller bearing.

Yet another feature of the invention resides broadly in the
modnlar unit characterized by the fact that the torque
transmission plate 6 is bolted to the rotor 4 by means of a
connecting element 12 which is permanently affixed to the
rotor mount 4.

Still another feature of the invention resides broadly in the
modular unit characterized by the fact that the connecting
element 1.2 is designed in the form of aring and has a starter
rirn L3 on its outside. |

A further feature of the invention resides broadly in the
modular unit characterized by the fact that on the inside of
the indentation 5a there is a coolant purmp 14, the drive shatt
of which is hollow and which is non-rotationally connected
to the free end of the rotor hub 4b, preferably by means of
an interlocking plug-in connection.

Another feature of the invention resides broadly in the
modular unit characterized by the fact that the generator
hcusing 8 is bolted to the engine housing 1 by means of an
intermediate flange 15.

Yet another feature of the invention resides broadly in the
modular unit characterized by the fact that centering holes 8,
18 are made in the crankshaft 2 and/or in the rotor hub 48
to focate a corresponding centering bolt 7.

Still another feature of the invention resides broadly in the
modular unit characterized by the fact that the centering hole
18 in the rotor hub 4k is a continuous hole so that the
centering bolt 7 can be extracted after the rotor 4 has been
assembled and installed.
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‘may be found in the following U.S. patents: U.S.
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In recapitulation, the present invention, in accordance
with at least one prefetred embodiment, may relate to a
modular unit which includes an internal combustion engine
with an engine housing and a crankshaft for the power
take-off, torsional power take-off, or starting power take-off,
and an electric generator/motor, the generator housing of
which is permanently connected to the engine housing, and
the rotor of which is coaxially and non-rotationally con-
nected to the crankshatt,

In further recapitulation, the present invention, im aceor-
dance with at least one preferred embodiment, may relate to
a rnodular unit including an internal combustion engine with
an engine housing and a crankshafi for power take-off, and
an electric generator/motor, the generator housing of which
is permanently connected to the engine housing, and the
rotor of which is coaxially and non-rotationally connected to
the crankshaft, wherein, according to at least one preferred.
embodiment of the present invention, the modular unit 1s
characterized by the fact that there is an elastically deform-
able torque transmission plate which is permanently con-
nected by means of a flange to the driven end of the
crankshaft, and is permanently connected on the circumfer-
ential side to the rotor, and that the rotor is rotationally
mounted in the generator housing. |

Examples of flexplate components, which may be utilized
in accordance with the embodiments of the present
invention, may be found in the following U.S. patents: U.b.
Pat. No. 5,323,665, which issued to Rediker on Jun. 28,
1994: 1.5, Pat. No. 5,184,524, which issued to Senia on Feb.
Q. 1993; U.S. Pat. No. 5,121,821, which issued to Poorman
et al. on Jun. 16, 1992: and U.S. Pat. No. 4,672,867, which
issued to Rodriguez on Jun. 16, 1987,

Examples of hybrid drive arrangennents, such as internal
combustion engine-clectric generator arrangernents, and
components associated therewith such as control arrange-
ments and individual motors for driving corresponding
wheels, may be found in the following U.S. patents: U.S.
Pat. No. 5,327.987, which issued to Abdelmalek: on Jul. 12,
1994 U.S. Pat. No. 5,318,142, which issued to Bates et al.
on Jun. 7, 1994: U.S. Pat. No. 5,301,764, which issued to
Gardner on Apr. 12, 1994; U.5. Pat. No. 5,249,637, which
issued to Heidl et al. on Oct. 5, 1993: U.S. Pat. No.
8,176,213, which issned to Kawai et al. on Jan. 5, 1993; 1.5,
Pat. No. 5,327,992, which issued to Boll on Jul. 12, 1994;
1.8, Pat. No. 5,291,960, which issued to Brandenburg et al.

on Mar. 8, 1994: and U.S. Pat. No. 5,264,764, which issued
to Kuang on Now. 23, 1993,

Exarmples of coolant pumps, which may be utilized 1in
accordance with the embodiments of the present mvention,
Pat. INo.
4,643,135, whilch issued to Wunsche on Feb. 17, 1987; U.s.
Pat. No. 4,677,943, which issued to Skinner on Jul. 7, 1987,
U.S. Pat. No. 4.827.589, which issued to Friedriches on May
g, 1989: 11.5. Pat. No. 4,886,989, which issued to Britt on
Dec. 12, 1989; and U.S. Pat. No. 4,728,840, which issued. to
Newhouse: on Mar, 1, 198%. |

The appended drawings in their entirety, including all
dimensions, proportions andfor shapes in at least one

smbodiment of the invention, are accurate and. to scale and
are hereby included by reference into this specification.

All, or substantially all, of the components and methods
of the various embodiments may be used with at least one

ambodiment o all of the embodiments, if more than one
embaodiment is described herein.,

All of the patents, patent applications and publications
recited herein, and in the Declaration attached hereto, are
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hereby incorporated by reference as if set forth in their 3, The hybrid drive according to claira 2, wherein:
entirety herein. said output shaft has a driven end;

The corresponding foreign patent publication said connecting means conmyprises:
applications, narely, Federal Republic of Germany Patent first connecting means, for connecting said driven end
Application No., P44 04 791.6, filed on Feb. 8, 1994, having 3 of said output shaft with said disc; and
inventors Dieter Lutz and Franz Naglet, and DE-OS P 44 (34 secord connecting means, for connecting said disc with
791.6 and DE-PS P 44 04 791.6, are hereby incorporated by said rotor means,
reference as if set forth in their entirety herein. said rotor means having an outer peripheral region dis-

posed maximally away from the common rotational
axis: and

said second connecting means being disposed to connect

said disc with said rotcr means at said outer peripheral
region of said rotor means.

4. The hybrid drive according to claim 3, wherein:

15 said generator constitutes a pre-assembled anit, said pre-
assembled unit comprising said housing and said rotor
rneans being rotationally disposed within said housing.

8. The hvbrid drive according to claim 4, wherein:
said internal combustion engine means comprises a hous-

20 ing disposed about said output shaft, said output shait

being rotationally disposed within said housing of said

The details in the patents, patent applications and publi-
-ations may be considered to be incorporable, at applicant’s 10
aption, into the claims during prosecution as further limita-
tions in the claims to patentably distinguish any amended
claims from any applied prior art.

The invention as described hereinabove in the context of
the preferred embodiments is not to be taken as limited to all
of the provided details thereof, since modifications and
variations thereof may be made without departing from the
spirit and scope of the invention.

What is claimed 1s:

1. A hybrid drive in a motor vehicle., the motor vehicle

CoOmprLsing. : . : .
P internal combustion engine rneans,
a chassis; . . e ey : i .
said housing of said internal combustion engine means 1s

a plurality of wheels being rotationally mounted on the PO e e Y |
hassis: fixedly connected with said housing of said generator
| v (Alu3u30 00 n

. . | 25 means.
OUOT TICaiLS T drnving tne wneels 1o propel e Notor o & f T UL BL. .3 . Toxd - :
raot ][ ,‘];L ans for driving the wheels to propel the motor 6. The hybrid drive according to claim 8, wherein:
vehicle, , . . : :
| P I - said rotor means is in the form of an external-rotor;
sald l]“§dtyl"l(i"El[jli?ffL1:’E*l']1§§ 1J[1[‘-[?‘3'“‘?EZITL[1§;']tlljzl'tllj“'t()]' T of said rotor means comprises a plurality of permanent
the motor vehicle, and said hybrid drive comprising: maenets: and : : '
. . L, . magnets; an
renerator means for generating power to drive the . L ’ . | |
: -[l]‘-;t(,]- MEARS ;11’ t1115~13;;1<31wc>:- 1J1J5F[i2;]‘,ﬂ. 30 gaid rotor means commprises a rotor hub and a rotor mount,
111N . JLLAK. i1 LGy BRIV ] A R W R N - ) . . _ . . '
: . , said rotor h qng rotationally disposed with respect
said generator means comprising a housing and rotor t;f:l:3t|:= :E:f:{lijliiiquf’jﬂt::ﬁg?tzégzgczailf;f:::f%l-fsd;g;{;]:[:friijjf ];:l::igtlsi_ ‘:E;;r:l1
means being rotationally disposed within said hous- G UL I DAL AL, RalD L A T
iner g rotationally disposed w1 aid hous prising a disc-shaped portion extending radially away
j]nrtfaljiizll combustion engine means for powering said from. said rotor hub, said disc-shaped porion of said
: " LN SR S0 LA LLIN.cills D et f el ry &2 . Yy - s .
generator Means; - = 3 rotor mount having a thickness dirmmension and an outer
Chad (8 Al F, Al e Y a . . - . - .
A | . : . . ameter. the thickness dimension of said rotor moun
said internal cornbustion engine means comprising an ;:jifiizjgf*Efffi""Fl:1t[t:!?i531:iti*:][ljr 55::3E;L[;c=:?'tI:EatEIjt]1;:}f:illilzis':jiif::zéizt::ng
output shaft for transmitting power from said internal ET & 1 ’ -zt'“' o tJ Y5 AT A A A
' 2 ; ] ; i i salnd rotor 1
cornbustion engine means to sald generator means; . fi[T‘ ‘a;l[ Ir ) ;}I 1]751[)11“[' fne to claim 6. whered
" b e fr ; . The hybrid drive according to clamm. 6, wherein:
means connecting said output shaft with said rotor ., ‘ o e 1L3.LJ] K ‘hl : d. aceording o Clalm. G, "’_1LE reh
means to transmit power from said output shaft to said housing of said generator reans comprises amn OUter
caid rotor means: peripheral portion and an end portion, said end portion
- I I i " = II‘! . » k ) . Ll : —r . _"_ ™ d { I.' - t l""
said connecting means comprising a disc connected being disposed maximally away from said internal
between said output shaft and said rotor means; ;3":‘f‘3ﬂt’llf*t?‘3“[‘ CnZHC eans, ’311113['f*‘ljbfif:]?’EEITHE’llifﬂffll-];“iil?tlﬂil[l
T . " . - " - - - . =) En | ! ; Ih'l: ) .-n: . £ Tr .ir "F‘- . shgu | - : : . :
said disc being configured for mininuzing, in response 44 seing disposed maximally away from the conmon

to non-rotational displacement of said shaft, non- ]7‘]13E”t'53“[lf‘l-iEEfi 3 | . o |
rotational displacement of said rotor means, said end portion extending radially inwardly from said

said rotor, sald disc and said output shaft having a outer peripheral portion;
common axis of rotation; said housing of said generator means further comprising
said disc having a thickness dimension defined parallel 5, an inward projection portion projecting axially towards
0 the common axis of rotation; | said internal combustion means and generally radially
said disc having an outer diameter defined with respect inwardly from said outer peripheral portion;
to the common axis of rotation; and said generator means comprises stator windings disposed.
the thickness dimension of said disc being very sub- about the commion rotational axis; and
stantially smaller than the outer diameter of said .  said inward projection portion being disposed radially
disc. within said stator windings, with respect to the comm-
2. The hybrid drive according to claim 1, wherein mon rotational axgis.
said disc is configured for transmitting power from said 8. The hybrid drive according to claim 7, wherein said
output shaft to said rotor means via the transmission of inward projection portion extends axially from said end
torgue from said output shaft to said rotor means; 5o portion to the vicinity of said rotor mount.
said disc elastically deformable in a direction parallel the 9, The hybrid drive according to claim 8, wherein:
common. axis of rotation; and. said generator means comprises bearing means for rota-
said disc is configured for nitnirnizing, in response to tionally bearing said rotor hub with respect to said
non-rotational displacement of said shaft, non- housing of satd generator means;
rotational displacement of said rotor means, vie elastic 65 said bearing means belng disposed radially within. said
deformation of said disc in a direction parallel to the inward projection portion and in the vicinity of said

common axis of rotation. rotor naount.



5,713,427

13

1@, The hybrid drive according to claim 9, wherein:

said bearimg means is an axial fixing bearing:

said bearing means comprises one of:

a double-row ball bearing; and
a single-row roller bearing.
11. The hybrid drive according to claim 10, wherein said
second commecting means comprises a connecting element
being permanently affixed to said rotor mount.
12. The hybrid drive according to clairm 11, wherein:
said connecting element comprises:
an annular connecting portion for connecting said disc
with said rotor mount; and

a toothed rinn disposed radially outwardiy of said
annular connecting portion, for connecting with a
starter for starting said internal combustion engine
means.

13. The hybrid drive according to clam 12, further
comprising:

a coolant pumyp for cooling said generator means, said
coolant pump being disposed radially within said
inward projection portion of said housing of said gen-
grator means

said coolant pump having a drive shaft for powering said

1=
coolant punp; 5
said drive shaft of said coolant pump having an axis of
rotation comrmon with the cornmon axis of rotation;
said hub having a free end disposed axially away from
saiidl rotor mount and said internal combustion engine
rmeans; and | 30)
said drive shaft being fixedly connected, by means of an
interlocking connection, to said free end of said xotor
hub., |
14. The hybrid drive according to claim 13, wherein:
said drive shaft of said coolant pumyp is hollow; 35
said hybrid drive comprises third connecting means, for
connecting said housing of said generator means with
said housing of said intexnal combustion engine means;
said third connecting means comprising an intermediate
flange, said intermediate flange being an intermediate
compoenent, annilar in shape, centered about the com-
mon axis of rotation;
said third connecting means comyprising means for con-
necting said intermediate flange with cach of said
housing of said geperator means and said housing of )
said internal combustion engine means;
said output shaft and said rotor hub each comprise a
corresponding cemtering hole for accommodating a
centering bolt, said centering bolt being configured for
centering said output shaft and said rotor hub with
respect 10 each other and to the common axis of
rotation;
said centering hole of said rotor hub being a continuous
hole to permit the extraction of said centering bolt after
the rotor has beem assembled and installed;
the ratio of the thickness dimension of said disc to the
outer diarneter of said disc being between about 95:1
and 160:1 and |
the ratio of the thickness dimension of said disc-shaped o
portion of said rotor mount to the outer diameter of said
rotor mount being between about 95:1 and 16G:1.
15, Hybrid drive for a motor vehicle, such a motor vehicle
comprising:
a chassis: &5
a plurality of wheels being rotationally mounted on the

chassis,

i

15

20

44]

50
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motor means for driving the wheels to propel the motor
vehicle; | |
said hybrid drive being for powering the motor means of
the motor vehicle, and said hybrid drive comprising:
generator means for generating power to drive the
motor means of the motor vehicle;
said generator means comprising a housing and rotor
means being rotationally disposed within said hous-
LN
internal combustion engine means for powering said
generator means; |
said internal combustion engine means comprising an
output shaft for transmitting power from. said internal
combustion engine means to said generator roeans;
means connecting said output shaft with said generator
means to transmit power from said output shaft to
said generator means; |
said connecting means being configured for
minimizing, in response to non-rotational displace-
ment of said shaft, non-rotational displacement of
sald rotor means;
said connecting means comprising a disc connected
between said outpat shaft and said rotor means;
said disc comprising means for minimizing, 10 response
to non-rotational displacement of said shaft, non-
rotational displacement of said rotor means,
said rotor, said disc amd said output shaft having a
common axis of rotation;
said disc having a thickness dimension defined parallel
to the common axis of rotation;
said disc having an outer diameter defined with respect
to the common axis of rotation; |
the thickness dimension of said disc being very sub-
stantially smaller than the outer diameter of said
disc:
said disc being configured for transmitting power from
said output shaft to said rotor means via the trans-
mission of torque from said output shaft to said rotor
MEANnS;
saidl disc being elastically deformable in a direction
parallel to the common axis of rotation; and
said disc being configured for minirnizing, in response
to non-rotational displacement of said shaft, non-
rotational displacement of said rotor means, via
elastic deformation of said disc in a direction parallel
to the commeoen axis of rotation.
16, The hybrid drive according to claim. 13, wherein:
said output shaft has a driven end;
said connecting means COMPrises:
first connecting means, for connecting said driven end
of said output shaft with said disc; amd
second connecting means, for connecting said disc with
said rotor means;
said rotor means having am outer peripheral region dis-
posed maximally away from the cornnmnon rotational
axis;
said second connecting means beimg disposed to connect
said disc with said rotor means at said outer peripheral
region of said rotor means;
said generator constitutes a pre-assembled unit, said pre-
assembled unit comprising said housing and said rotor
means being rotationally disposed within said housing;
said internal combustion engine means comprises a hous-
ing disposed about said cutput shaft, said output shaft
being rotationally disposed within said housing of said
internal combustion engine means; amd
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said housing of said internal combustion engine means is
fixedly connected with said housing of said generator
means.

17. The hybrid drive according to claim 13, wherein:

said rotor means is in the form. of an external-rotor; 2

B
[ |

said rotor means comprises a plurality of permanent
magnets,

said rotor means comprises a rotor hub and a rotor mount,
said rotor hub being rotationally disposed with respect
to the commeon rotational axis, said rotor mount com-
prising a disc-shaped portion extending radially away
from said rotor hub, said disc-shaped portion of said
rotor rnount having a thickness dimension and an outer
diameter, the thickness dimension of said rotor mount
being very substantially smaller than the outer diameter
of said rotor mount;

said housing of said generator means comprises an outer
peripheral portion and an end portion, said end portion
being disposed maximally away from saicd internal
combustion engine means, said outer peripheral portion

being disposed maximally away from the common
rotational axis;

said end portion extending radially inwardly from said
outer peripheral portion, 25

said housing of said generator means fiurther comprising
an inward projection portion projecting axially towards
said internal combustion means and generally radtally
inwardly from said outer peripheral pertions:

10

15

said generator means comprises stator windings disposed
about the cormmon rotational axis;

said inward projection portion being disposed radially
within said stator windings, with respect to the com-

mon rotational axis: 15

said inward projection portion extends axially from said
:nd portion to the vicinity of said rotor rmount;

said generator means cornprises bearing means for rota-
tionally bearing said rotor hub with respect to said

housing of said generator means, 40

said bearing means being disposed radially within said
inward projection portion and in the vicinity cf said
rotor mount;

said bearing means is an axial fixing bearing.

said bearing means comprises one of:
a double-row ball bearing; and
a single-row roller bearmg;

said second connecting means comprises a connecting

element being permanently affixed to said rotor mount; s

said connecting element comprises:

30)

) r=

P
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an annular connecting portion for connecting said disc
with said rotor mowunt; and
a toothed rim disposed radially outwardly of said
annular connecting portion, for connecting with a
starter for starting said intermal combustion engine
Means; |
said hybrid drive further comprises a coolant pump for
cooling said generator means, said coolant pump being
disposed radially within said inward projection portion
of said housing of said generator means,
said coolant pump having a drive shaft for powering said
coolant purap; |
said drive shaft of said coolant pump having an axis of
rotation common with the conumon axis of rotation;
said hub having a free end disposed axially away from,
said rotor mount and said internal combustion engine
IMeans;
said drive shaft being fixedly connected, by means of an
interlocking connection, to said free end of said rotor
hub;
said drive shaft of said coolant pump is hollow;
said hybrid drive comprises third connecting means, for
connecting said housing of said generator means with
said ousing of said internal combustion engine means;
said third connecting means comprising an intermediate
flange, said intermediate flange being an intermediate
cornponent, annular in shape, centered about the com-
mon axis of rotation;
said third connecting means comprising means for con-
necting said intermediate flange with each of said
housing of said generator means and said housing of
said internal combustion engine means.
said output shaft and said rotor hub each comprise a
carresponding centering hole for accommodating a
centering bolt, said centering bolt being configured for
centering said output shaft and said rotor hub with
respect to each other and to the common axis of
rotation;
said centering hole of said rotor hub being a continuous
hole to permit the extraction of said centering bolt after
the rotor has been assembled and installed;
the ratio of the thickness dimension of said disc to the
outer diameter of said disc beimg between about 95:1
and 160:1; and
the ratio of the thickness dimension of said disc-shaped
portion of said rotor mount to the onter diameter of said
rotor mount being between about 95:1 and 160:1.
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